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(54) RECOVERY OF METALLURGICAL SLAGS 



(71) We, GRANGES AKTIEBOLAG, 
a Swedish Company, of 18, Gustav Adolf s 
torg, Stockholm, Sweden, do hereby declare 
die mvention, for which we pray that a patent 
5 may be granted to us, and lie mediod by 
which it is to be performed to be pardcu- 
laily described in and by the f oUowxng state- 
ment: — 

This invention relates to a mediod of ro- 

10 covering metallurgical slags, particularly those 
containing more or less finely distributed 
metal and/or relatively high contents of metal 
oxides, for example dags from steel produc- 
tion, which satires the requirements of en- 

15 vironmental protection and economy. 

Jn melting and refining processes sub- 
staiuial quantities of slags are produced. In- 
tensive efforts have been invested and many 
proposals have been made to utilize such 

20 meullurgical slags. Interest has been focused 
on blast-furnace slags, about which an ample 
literature is now available, see for example 
Keil T.F. 'T^ic Hodiofenschlacke" (Blast- 
furnace slag) 2nd edition, Dusseldorf 1963. 

25 The use of blast-furnace slags has become 
important from an economic point of view 
especially for the production of cement, but 
this covers only a minor part of the slag 
obtained. 

30 Slags of a basic nature are obtained in very 
large quantities esjpedally from steel produc- 
tion. CCTtain sp«aal slags of this type can 
be used as fertilizers, but for most of the 
slags there is no method of complete and 

35 economic recovery with utilization of the heat 
of the molten sIe^. In many cases the afore- 
said types of slags include valuable metals, 
as for example Fc, Cr, Ni, and Mn, but yet 
they are dumped in slag yards. The slag con- 

40 tent of oxides and more or less finely dis- 
tributed metal is therd>y lost. The latter, it 
is true, is sometimes recovered to some ex- 
tent. In conventional slag hatidling a con- 
siderable loss is made by not utilizing the 

45 large amounts of heat included in the mol- 
ten slag^ to whidi loss are to be added die 
costs ror handling the slag and for the 



ground required for storage, for example for 
a slag dump. Dumping of slag, besides, is 
hig^y unsatisfactory from an environmental 50 
point of view. 

The proposals which have been made, as 
mentioned above, for the treatment of blast- 
furnace slags in order to use them in the pro- 
duction of cement refer in several cases to 55 
the addition above all lime (CaO) to the 
melt in order either to obtain a slag which 
in the granulated and finely ground state is 
particularly suitable for mixing with port- 
land cement, or to achieve directly a portiand 60 
cement composition. It was found tiiat diis 
production of portiand cement was technic- 
ally feasible but not economic^ i.e. because 
of the high temperatures required. 

Some proposals for the treatment of blast- 65 
furnace slags suggest the use of containers 
lined widi carbon bricks, because carbon 
bricks are resistant to reducing slags. An- 
other reason was the desire to use an elec- 
trically conductive lining matcriaL 70 

It is also known that in several metallurgi- 
cal processes the slag composition can be so 
controlled that the skg subsequent to grind- 
ing is direcdy adapted for use as aluminate 
cement. It is, however, a decisively restrictive 75 
factor for these processes that they reg[iiire a 
sl2^ with a hi^ A^Os content, which, in 
the furnace, is in equilibrium witii the metal 
being the main ot^ect to be achieved by the 
process. 80 

In the British patent specification 1,229,955 
a method for die production of hydraulic 
cement is proposed, in which reducing gases, 
preferably carbon monoxide or hydrogen gas, 
are used (not solid reducing agents), while 85 
heat is supplied by an oxidation process. It 
is apparent that me oxidation process dis- 
turbs the reduction process. Also, the desired 
reduction of manganese from manganese 
oxide with help of carbon monoxide and/or 90 
hydrogen gas at the temperatures indicated 
can take place only to a small extent. 

Finally, one may say that all methods here- 
tofore suggested arc not applicable generally 
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and do not result in a complete economic 
"^rni-^t ^invention provides a method 
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the sla- was formed and from the reduction 50 
S^£%,ag^c<.r£g^o 1^^^^ 

i^bSr^s'SlSrsSc^^r. and form of 55 
^TrSs the chemical composition of the 
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tion: 



CaO SiO, 
50% 16% 



AlO, 
1.7% 



AgO FeO 

2.1% m. 



MnO P.O. 

6% i-sy. 



100 in addition, ^e^^S^-£S uSr ^ 
mctaUic iron. The ladie vras p jeduced 

arc furnace roof, ^^^^J^^ petroleum 
by the addition of Sn^^^ P,ergy. In 
Jke and Pg^i "^io^ o7 the 

105 order to avoid "^ ^''i^^P the slag to a 
slag it was n'=«f.»5^.f'l^'l^entl| fluid, 
temperature at wtt«^ « J suma ^ 

At the |ame ume b^^^^J/iooOoC was 
XioSdeA'eb':Stl- preheated in a diafc 



The reduction was completed witn » 

""^Ti^^oSdtu^s'dSngat^^^^ 

of TO minutes were 1.3 tons of^fce, lOA 

x^ur^n^ 

" On tons of metal (?P|egrfei^."? 

^vcS^obuSncd, having a composiuon of 1-. 
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Mn, 11% Si, and 1.6% P. Furthermore, a 
residue of 23 tons was left, having the fol- 
lowing composition: 



CaO 
44.6% 



15 



20 



SiO. 
7.6% 



45.0% 



MgO 

22% 



S 

0.1% 



The residue was teemed into moulds, 



cocked slowly and ground to the fineness of 
cemenL The values of compression strength 
correspcMided to those of high aluminate 
cement. 

Example 2. 
A liquid basic steelmaking slag having the 
following composition: 



10 



CaO 
49% 



SiOa 

16% 



AlaOa 

1.5% 



MgO 
63% 



FeO 
15% 



MnO 
6% 



P.O. 
13% 



was reduced with carbon. 

During the reduction bauxite (60%, AlaOs, 
\1% SiOi, 20% FeO) preheated to 1000°C 
was added (as the alnTnininm-amtaimng 
material) and furthecmote SiOs in the f<»m 
of sand (as the siHconromtaining material). 

There was added, per ton of treated dag: 
280 1^ prdieated batmte and 63 kg sand. 



CaO SiOa 
44.2% 27.5% 



A1.0, 
16.2% 



MgO 
7.4% 



and 4.9 kg carbon; 203 kWh of electrical 
energy were supplied. There was obtained 25 
per ton of slag 290 kg spiegdeisen with 14% 
Mn, 2%, Si, and 1.3%» P; and 1040 kg of 
residue. 

The xesidue was granulated with water 
from a sbg tenqierature of 1560^C and had 
the following composition: 

FeO MnO S AlkaU 
0.4% 0.7% 0.10% 0.19% 



35 



40 



45 



The granulate after grindin 
ness of cement sho 



to the fine- 
Lt hydraulic 



properties. Thus, with, activation of only 20%^, 
poiuand cement and with 4% gypsum 
added, values of compressive stroigth after 
3, 7, and 28 days were measured which were 
at TngYitniim only 8%^ 1^^ than the corres- 
ponding values for pure portland cemenL 

Exanrole 3. 
In a modification of the process according 
to Example 2, the slag temperature was in- 
creased towards the end of the reduction pro- 
cess to over 1600°C, and the reduction com- 
pleted by introduction of aluminium metaL 
The resulting granulated slag then contained 



CaO 
44.2% 



SiO 
38% 



AI2O3 
10% 



MgO 
6% 



S AlkaU 
13% 1.5% 



65 The reduction was performed accordu^ to Example 2 with the exception that no sand 
was added. 

The residue had the following composition: 



CaO 
44.1% 



SiOa 
30% 



Al^Oa 
13.1% 



MgO S 
6.7%, 0.7% 



AlkaH 
0.8% 



30 



only 0.1% FeO and 0.1%^ MnO and was 
completely white. 

On activating the ground granulate with 
20% of conventional white cement, a cement 
was obtained which remained white also 
under hydration and did not show the blue- 
black colouring diat normally occurs under 
hydration of cements containing blast furnace 
cement. 

Example 4. 
A basic steelmaking slag according to Ex- 
ample 2 was tapped into a stationary furnace 
together with the same quantity of blast fur- 
nace sla^ having the following composition. 



50 



55 



60 



70 



75 



80 



WHAT WE CLAIM IS: — 

1. A method of recovering a metallurgical 
slag containing metal oxide and, possibly, ele- 
mentary metal, in which the molten slag is 
tapped into a container, carbon and material 
containing silicmi or aluminium are added to 
reduce die metal oxide, the metal being 
maintained at a temperature preventing foam- 
ii^ while allowing sedimentation (rf the re- 
duced metal and any elementary metal origin- 
ally present^ and the sediment and melt are 
separated, lime or alununium-oxide<ontain- 



ing material beir^ added to the melt in a 
quantity such, as to give it the composition 
of an oxide mixture suitable for use m Port- 
land cement or alimoinate cement. 

2. A method as claimed in claim 1, in 
which lime is added to the melt to give it a 
composition suitable for use in Portland 
cement, the material containing silicon or 
aluminium comprising elementary silicon or 
ahunimum. 

3. A nsediod as claimed in claim 1 or 2, 
in wliidi, before reduction of the slag, one 



85 



90 
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or more -ivaste products contaimng dcmen- slag, substantially as described herein in any 

tary metal or metals or metallic compounds of the Examples given, 
arc supplied to the slag in the container, „___ 
4. A method of recovering a metallurgical MARKS & CLERK. 
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